• Understanding how changes in biodiversity will impact the stability and 24 functioning of ecosystems is a central challenge in ecology. Food-web 25 approaches have been advocated to link community composition with 26 ecosystem functioning by describing the fluxes of energy among species 27 or trophic groups. However, estimating such fluxes remains problematic 28 because current methods become unmanageable as network complexity 29 increases. 30 31 • We developed a generalisation of previous indirect estimation meth-32 ods assuming a steady state system [1, 2, 3]: the model estimates en-33 ergy fluxes in a top-down manner assuming system equilibrium; each 34 node's losses (consumption and physiological) balances its consumptive 35 gains. Jointly, we provide theoretical and practical guidelines to use the 36 fluxweb R package (available on CRAN at https://bit.ly/2OC0uKF). 37 2
knowing that
where X i defines energetic losses from species i such as through metabolism, 119 and F ij is the flux from species i to its consumer species j. Then, gains are 120 the part of ingoing fluxes once losses due to feeding efficiency are removed.
where e defines a species' feeding efficiency. This parameter can either de-122 pend only on i (efficiencies depends only on the predator identity), only on j F = (diag(e) − W ) −1 X.
F is the vector such that F i describes the sum of ingoing fluxes to 138 species i, e is the vector of feeding efficiencies, such that e i describes 139 the efficiency of a predator i (see related paragraph in section 3 for 140 more precise definitions of feeding efficiencies) with e i = 0 if i is basal.
141
W is the matrix such that W ij sets the proportion of ingoing fluxes 142 to species j from species i and X is the vector defining the sum of 143 energetic losses for each species.
144
• Efficiencies depending on prey identity
In this case, e is the vector such that e i expresses a prey-related effi-146 ciency. b is a vector such that b i is equal to 1 if species i is basal, 0 if 147 it is not basal. The addition of this last vector is needed to solve the 148 system. Ecologically, it simulates the addition of a nutrient node on 149 which all basal species feed with an efficiency of 1.
150
• Efficiencies depending on link identity (both prey and predator)
Here, 1 is a vector of ones, U is the matrix defined by the element-wise 152 multiplication of matrices W and e: U ij = W ij e ij . e is a matrix such 153 that e ij is the assimilation efficiency of species j feeding on species i. 154 3 Defining the parameters 155 A great advantage of the food web energetics method is that it offers a flexi- 156 ble quantitative framework that can be used to test many different ecological how they can be estimated (see table 1 
where B i sets the biomass of species i and w is defined by a priori preferences Here, bioms.prefs = TRUE specifies that species preferences depend on prey 312 abundances (eq. 9). The bioms.losses argument is set to TRUE to com-313 pute metabolic losses for species populations (as they are provided per unit 314 biomass). For the example from the mesocosm experiment, as metabolic 315 rates were directly measured, this has to be switched to FALSE. The ef.level 316 argument is set to prey as efficiencies provided in these datasets depends on 317 prey identities.
318
In the same way, the stability of the food web of fluxes is returned by the 319 stability.value function: It is important to note that the calculation of metabolic rates using the 
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• ef.level = "prey" will assume that the species efficiencies are defined 433 according to prey (i.e., for each species, it is the efficiency with which 434 it will be assimilated once it has been preyed upon). We will consider in the following that feeding efficiencies depend on preda-533 tor identity. We define e as the vector of efficiencies and W as the matrix 534 such that W ij is the proportion of energy entering j that is obtained from 535 i ( j W ij = 1). F ij is the flux from species i to i. L i , the energy loss of 536 species j is defined by:
where n is the number of species and X i are the physiological losses of species 538 i. Thus, for satisfying the equilibrium criteria, F i , the sum of fluxes entering 539 i is:
As W ij sets the proportion of energy entering j obtained from species i, using 541 F ij = W ij F j , we can write
where values W ij are estimated accordingly to species preferences (w ij ) and 543 prey abundances:
We then have:
which can be rewritten as:
where diag(e) is the diagonal matrix such that diag(e) ii = e i . Provided that 547 (diag(e) − W ) is invertible, the system solves as:
Then, all fluxes F ij = W ij F j are derived from F j using W . Another common method is to define feeding efficiencies according to prey 551 identity. This section proposes a method to adapt the previous framework 552 to this case.
554
As preferences are defined at the prey level, we need to adapt the previous 555 framework by adding a nutrient node on which all basal species feed with an 556 efficiency of one. Then, eq.4 becomes:
were b i is 1 if i is a basal species, 0 otherwise. This can be rewritten as:
and, provided that (diag(
Efficiencies depending on the link identity 560
It is possible to generalise this approach to efficiencies defined for each prey-561 predator couple. The solution needs the definition of matrix U such as U ij = 562 W ij e ij . Then, eq. 4 becomes:
and the system then reads:
where 1 is the vector of ones. System is solved as:
9.1 Derivation of the Jacobian matrix 584 9.1.1 Preferences defined at predator level 585 We can consider the following system of equations, describing the dynamics of population biomasses in a community:
a ij is the coefficient of interaction between prey i and predator j and r i is 586 the relative growth rate of producer i. P i and p i respectively define the sets 587 of predators and prey of species i. This model assumes a type I functional 588 response f ij defined as:
As the whole method assumes that fluxes and biomasses are at an equilibrium 590 state, we have: 
and at equilibrium, from eq. 27 we have B * i = F ij a ij B * j and B * i = F ji a ji B * j . We can 597 use it to replace elements from eq. 28 and obtain:
Diagonal elements, considering possible cannibalistic loops, for producers (p) and consumers (c) are:
with a ii = 0 only if species i is cannibalistic. Again, using B * i = F ij a ij B * j and B * i = F ji a ji B * j we obtain at equilibrium:
We can observe here that α cc can be rewritten as
where F i sets the sum of fluxing ingoing to species i and L i its losses due to consumption. As we assume a steady state, ingoing fluxes compensate 601 outgoing fluxes plus physiological losses: e c F i = L i + X i . From that, we 602 obtain: The Lotka Voltera system is now written as:
Here e j defines efficiency of prey species j. At equilibrium, off-diagonal 605 elements of the Jacobian are as above: Following the same mathematical derivation as before, we obtain:
10 Supplementary information III -sensitiv-608 ity to input parameters 609 We estimated here if the uncertainty or the lack of precision of the estimation 610 of parameters tended to lead to large errors in the estimation of fluxes. To do 611 so, we used the sensitivity function to estimate the sensitivity of the fluxing 612 function to input parameters. The sensitivity function applies a random 613 variation to a selected input parameter of the fluxing function. As a result, 614 it returns a matrix containing, for each for each flux, its average coefficient 615 of variation, estimated as:
were F [i, j] is the flux from species i to species j when no variation is 617 applied to parameters and F [i, j] is its equivalent when a random variation 618 is applied. Here, we considered the sensitivity of the fluxing function to the losses,
